Context. Metal-rich globular clusters trace the formation of bulges. Abundance ratios in the metal-rich globular clusters such as NGC 6553 can constrain the formation timescale of the Galactic bulge. Aims. The purpose of this study is determine the metallicity and elemental ratios in individual stars of the metal-rich bulge globular cluster NGC 6553. Methods. A detailed abundance analysis of four giants in NGC 6553 is carried out, based on optical high-resolutionéchelle spectra obtained with UVES at the ESO VLT-UT2 Kueyen telescope. 
Introduction
Metal-rich red globular clusters trace the build up of bulges and possibly of disks (Brodie & Strader 2006) . They may be formed during an early collapse (Forbes et al. 1997; Côté et al. 1998) ; otherwise, in hierarchical scenarios the metal-rich globular clusters would be direct probes of the merging events and assembly of the host galaxy (Ashman Beasley et al. 2002; Bekki 2005) . Another possibility is bulge formation via the secular evolution of a bar (Kormendy & Kennicutt 2004) . Their detailed study should help constrain models of globular cluster formation in the early Galaxy.
Several studies have tried to infer some of the main properties of NGC 6553. Minniti (1995) argues that the metal-rich globular clusters in the inner spheroid are associated with the galactic bulge. Zoccali et al. (2001 Zoccali et al. ( , 2003 determined the proper motion of NGC 6553 and conclude that this cluster follows the mean rotation of both disk and bulge stars, whereas Dinescu et al. (2003) • , b = −3.03 • ) is located at low galactic latitude and is projected in the direction of the Galactic centre with X = +5.9kpc, Y = +0.5kpc, and Z = − 0.3kpc. It has a relatively low extinction of E B−V = 0.70 mag (Guarnieri et al. 1998 ) and a high luminosity of M V = −7.77 mag, (Harris 1996) 1 . The BV I observations of NGC 6553 were obtained in June 2002 with the wide-field imager (WFI) at the 2.2m ESO-MPI telescope (La Silla, Chile). The data were obtained within our program dedicated to surveying the 1 http://www.physics.mcmaster.ca/Globular.html Galactic globular clusters with the WFI (Zoccali et al. 2001) . The JHK S colours are from the 2MASS Atlas (Cutri et al. 2003) 2 . No J,H,K photometry for the sample stars II-64 and 267092 are currently available.
In Fig. 1 we show the location of target sample stars on the colour-diagram magnitude (CMD) of NGC 6553 using Hubble Space Telescope (HST) data (Ortolani et al. 1995) , with three stars located at the horizontal branch (HB) level and one of them at the tip of the RGB. The identifications follow the notation given in Hartwick (1975) and in the WFI data obtained with the ESO-MPI telescope. 
II-85 (266938)
III
High-resolution spectra
High-resolution spectra of four giants in NGC 6553, in the wavelength range λλ 4800-6800Å, were obtained with the UVES spectrograph (Dekker et al. 2000) at the ESO VLT-UT2 Kueyen telescope. The red portion of the spectrum (5800-6800Å) was obtained with the MIT backsideilluminated ESO CCD # 20, of 4096x2048 pixels, and pixel size 15x15µm. The blue portion of the spectrum (4800-5800Å) used ESO Marlene EEV CCD-44, backside illuminated, 4102x2048 pixels, and pixel size 15x15µm. With the UVES standard setup 580, the resolving power (R=λ/∆λ) is R ≃ 55 000 for a slit of 0.8". Typical signalto-noise (S/N) ratios for the spectra were obtained considering average values at different wavelengths. The pixel scale is 0.0147Å/pix. Spectra of rapidly rotating hot B stars at similar airmasses as the target were also observed, in order to correct for telluric lines. Table 1 shows the log of observations. The spectra were reduced using the UVES context of the MIDAS reduction package, including bias and interorder background subtraction, flatfield correction, extraction and wavelength calibration (Ballester et al. 2000) . The stars were observed in pairs, II-64 together with II-85 and III-8 and 267092, and reduced taking this into account. In Fig. 2 typical sample spectra are shown. 
Radial velocities
The radial velocities v r were measured with the automatic code DAOSPEC (Stetson & Pancino 2006, in preparation) based on line shifts of a given list of wavelengths in the range 5800<λ<6800Å. The heliocentric radial velocities v h r were determined using the IRAF task rvcorrect. With these methods, the standard errors of the average velocities are ∼ 0.5 km s −1 . A mean v r = − 0.27 ± 1.99 (σ = 3.98, 4 stars) km s −1 or heliocentric v hel r = − 1.86 ± 2.01 (σ = 4.02, 4 stars) km s −1 was found for NGC 6553. Combining high-resolution radial velocities of stars from the present work and from Origlia et al. (2002) , Barbuy et al. (1999) , Cohen et al. (1999) , and Meléndez et al. (2003) , a mean value of v h r = +1.30 ± 1.41 (σ = 6.50 km s −1 ) was found. This result is in good agreement with the value of −1 km s −1 , based on different methods and from lowresolution spectra of Coelho et al. (2001) , and the value 8.4 (σ = +8.4, 21 stars) km s −1 derived by Rutledge et al. (1997) .
Stellar Parameters

Photometric parameters
Adopting a reddening E B−V = 0.70 for NGC 6553 (Guarnieri et al. 1998; Sagar et al. 1999; Meléndez et al. 2003) and reddening ratios E V −I /E B−V =1.33 (Dean et al. 1978 ), E V −K /E B−V =2.744, and E J−K /E B−V =0.52 (Rieke & Lebofsky 1985) , we obtained dereddened colours to derive photometric temperatures. The 2MASS K s magnitudes were transformed to the TCS (Telescopio Carlos Sánchez) system using relations by Carpenter (2001) and Alonso et al. (1998) . Effective photometric temperatures were then determined based on the infrared flux method (IRFM) using the empirical transformations of Alonso et al. (1999 , 2001 , where metallicity values provided by Meléndez et al. (2003) were initially adopted. If we take into account the 1 σ uncertainties provided by AAM99 on V − I (σ V −I = 125 K), V − K (σ V −K = 40 K), and J − K (σ J−K = 125 K), the uncertainty in the photometric temperatures is about 130 K. Table 2 lists the photometric data for the programme stars, together with the temperature estimated from each colour. The final photometric temperature for each star was averaged from these individual values.
The surface gravities log g were derived with the classical relation by adopting T ⊙ = 5780 K, M bol ⊙ = 4.75, log g ⊙ = 4.44 dex, and M * = 0.80 M ⊙ . To determine M * bol we assume a distance modulus of (m − M ) 0 = 13.60, visual selectiveto-total extinction A V = 2.17, and bolometric correction BC V values from AAM99.
We adopt errors due to uncertainties in the photometric effective temperature of T eff (σ T eff = 130 K, according to AAM99) and in the stellar mass of M * (σ M * = 0.2M ⊙ ). The error in M bol = (M V -A V ) + BC(V) is mostly due to the M V value and total extinction A V , the latter with an uncertainty around ±0.05 mag. For M V , adopting an error in distance as large as 20%, we get σ M bol ∼ 0.2 mag, and errors on the adopted photometric gravities of ±0.2 dex. (Martin et al. 2002) , while those of the Fe II lines were adopted according to the renormalized values from Meléndez & Barbuy (2002; 2006, in preparation) and . The Ba II 6141, 6496, La II 6390, and Eu II 6645Å lines show a hyperfine splitting structure, and those were taken into account when adopting data from Biehl (1976) and Lawler (2001) , together with solar isotopic ratios. Damping constants and oscillator strengths for the elements other than Fe were adopted from Barbuy et al. (2006) . Solar abundances were adopted from Grevesse & Sauval (1998) .
Spectroscopic parameters
Derivation of spectroscopic parameters
The effective temperatures were then checked by imposing an excitation equilibrium on FeI and FeII lines of different excitation potentials. The FeI and FeII lines employed in this analysis are listed in Table A .2, together with their equivalent widths for the sample stars. Hereafter we refer to the atmospheric parameters [T eff , v t , log g] obtained by imposing constraints on Fe I and/or Fe II abundances as spectroscopic parameters. A change of 100 K on T eff causes a recognisable trend in the plane FeI abundance versus excitation potential, such that this can be considered as a reasonable uncertainty value. The microturbulent velocities v t were determined using FeI lines. The uncertainty derived from the FeI abundance versus W λ is 0.2 km s −1 . The spectroscopic gravity log g was derived from ionization equilibrium of FeI and FeII lines. We found a mean offset between the spectroscopic and photometric (Sect. 3.2.1) values of ∆ log g (spectro -photo) = +0.17 ± 0.08 (σ = +0.17, 4 stars). However, this procedure is affected by several uncertainties, amounting to an upper limit of ± 0.30 dex. This value corresponds to a difference higher than 1 σ in the value of [FeII/H]. In Fig. 3 an example of determination of the atmospheric parameters for the star II-64 is shown.
Final parameters and metallicity
To derive metallicities, Fe I and Fe II lines with 15 < W λ < 150 mÅ and λ > 5800Å were selected. Photospheric 1D models for the sample giants were extracted from the NMARCS grid (Plez et al. 1992) .
The LTE abundance analysis and the spectrum synthesis calculations were performed using the codes by Spite (1967) and subsequent improvements in the last thirty years, described in Cayrel et al. (1991) and .
Stellar parameters were derived by initially adopting the photometric effective temperature and gravity and then further constraining the temperature by imposing excitation equilibrium for Fe I lines and the gravity by imposing ionization equilibrium for Fe I and Fe II, as described in previous sections. The entire process of defining the atmospheric parameters is iterated until a consistent set of model atmosphere parameters is finally obtained. Table 3 summarises the derived atmospheric parameters. We adopt the spectroscopic parameters for the subsequent Fig. 3 . Demonstration of the offset in temperature, surface gravity, and metallicity found for the star II-64 based on photometric and spectroscopic methods. The constant a is the slope of the least-squares fit to the data. Top: FeI vs. χ. Middle: FeI vs. W λ . Bottom: FeI (circles) and FeII (squares) vs. W λ . The dotted line corresponds to the mean values found using only those measured within 1 σ, as employed by the σ clipping method.
analysis, having used the photometric parameters only as initial values; therefore, the uncertainties on the reddening described in Sect. 3.1 do not affect the final results. We point out otherwise that the good agreement between the spectroscopic and photometric parameters indicates that the reddening value adopted is satisfactory.
The mean offset in the T eff values is 25 ± 48 K (σ = 96, 4 stars) in the sense of spectroscopic minus photometric temperature. This means that the mean T eff based on photometry is ∼25 K cooler than the spectroscopic ones. Along the iterative process of [Fe/H] determination, discrepant lines were clipped out within 1 σ of the mean. Tests on the sample stars showed that a 2 σ clipping gives differences of [Fe/H]< ±0.01. A mean metallicity of [Fe/H] = −0.20 ± 0.01 (σ = 0.02, 4 stars) is found for the sample stars. The spectroscopic parameters were adopted for the abundance analysis.
Spectrum synthesis
Abundance ratios were derived for the following eleven elements Na, Mg, Al, Si, Ca, Ti, Fe, Zr, Ba, La, and Eu. Most lines used are the same reported in Barbuy et al. (2006) as those Table A .1 gives the relevant parameters used in the spectrum synthesis of each line and resulting abundances.
Elemental abundances were obtained through line-byline spectrum synthesis calculations with atomic lines as described in Sect. 3 and molecular lines of CN A 2 Π-X 2 Σ, C 2 Swan A 3 Π-X 3 Π and TiO A 3 Φ-X 3 ∆ γ and B 3 Π-X 3 ∆ γ' systems taken into account. Table 4 gives the final mean results for each star, where the abundances were normalized to FeI for neutral elements and FeII for ionized ones.
Abundances of the α-elements Mg, Ca, Si, and Ti were derived. The oxygen forbidden line at 6300Å is blended with the strong sky emission line, given the low radial velocity of the cluster (Sect. 2.3), cannot be studied. In a previous work, Meléndez et al. (2003) derived the oxygen abundance of 5 giants in NGC 6553, based on OH infrared lines. We adopted the carbon, nitrogen, and oxygen abundances from that work in the present calculations, namely 
Errors in abundance ratios
Abundances for each species given in Table 4 were obtained by averaging the abundances resulting from all measured lines. Consequently, we give the 1 σ scatter (standard deviation) of each measurement, such that the standard error can be obtained easily.
The uncertainties on atmospheric parameters were discussed in Sect. 3. To estimate the uncertainties on the derivation of abundances due to the choice of stellar parameters, we show the sensitivity of the abundances in Table 5 for the star II-64 by varying the temperature by 100 K, surface gravity by +0.30 dex, and microturbulent velocity by +0.20 km s −1 , which are typical errors in our analysis. The total error is given in the last column as the quadratic sum of all uncertainties. We can see that the total uncertainties are lower than 0.21 dex. In the next sections these uncertainties correspond to the 1 σ scatter for each atomic species. E(B-V)=0.73 and a photometric effective temperature was adopted. Despite the much lower S/N of those spectra, the overall fit of synthetic spectra, which take blanketing lowering the continuum into account, proved to be a satisfactory method.
Comparison with previous work
Comparison with Barbuy et al. (1999)
The atmospheric parameters adopted for II-85, the single star in common with the present work, were T eff =4000 K, log g = 1.26 (0.70), v t =1.30 km s −1 and [Fe/H]=−0.50. The VI colours obtained with HST (Ortolani et al. 1995) were used, which differ slightly from the WFI ones used in the present paper. Table 5 . Sensitivity of abundances to changes in ∆T eff = 100 K, ∆log g = +0.3, and ∆v t = 0.2 km s −1 . In the last column the corresponding total error is given. ing of E(B-V)=0.70, whereas in the present work a spectroscopic excitation temperature of 3842 K is obtained.
(ii) The main source of discrepancy has been an inappropriate correction of gravity by 0.60 dex. The difference of log g = 1.26 found then from classical formulae and log g = 0.70 as adopted led to a ∆[Fe/H]=−0.3. (iii) Equivalent widths for the star II-85 for lines in common are compared in Table 6 . It appears that in the early work of 1999, W λ 's of strong lines were systematically lower by about 20 mÅ, which leads to a metallicity that is lower by ∆[Fe/H] ≈ 0.1 dex. The reason for the discrepancy in W λ 's comes from the lower quality of the 1999 CASPEC spectra both in resolution and S/N. This can be seen in Fig. 7 , which compares the two sets of observations for the star II-85.
Comparison with Cohen et al. (1999)
The five stars of Cohen et al. were red horizontal branch stars with T eff =4630-4830 K, log g=2.3, v t =1.4-2.5 km s −1 , and a mean metallicity of [FeI/H]=-0.16 and [FeII/H]=−0.18. Effective temperatures were adopted from excitation equilibrium of FeI lines. In order to be compatible with the colours, they deduced E(B-V)=0.78 for 3 stars and E(B-V)=0.86 for the other two stars. The metallicity is in good agreement with the present work, whereas there is some discrepancy concerning the abundance ratios, as shown in Table 7 . A difference ∆[Ca/Fe]=0.2 is explained by an offset in the solar Ca abundance adopted (Table 7) 
Comparison with Meléndez et al. (2003)
The parameters of II-85, again in common with the present work, of T eff =4000 K, log g=1.2, v t =1.4 km s −1 , [Fe/H]=−0.20, found in Meléndez et al. (2003) , show an effective temperature higher by 200 K, in agreement with Barbuy et al. (1999) . As in Barbuy et al. (1999) , the VI colours from HST (Ortolani et al. 1995) were used, as well as a reddening of E(B-V)=0.70. Despite the difference with the present work, the resulting metallicities agree, which is explained by the low sensitivity of the high excitation potential infrared FeI lines to T eff (see Table 6 in Meléndez et al. 2003) . Fig. 7 . Spectra of the giant II-85: comparison between the spectrum studied in Barbuy et al. (1999) , obtained with the 3.6m telescope and the CASPEC spectrograph (R ∼ 20 000) and the present spectrum obtained with VLT-UVES (R∼55 000).
Abundance ratios
α-elements Mg, Ca, Si, Ti
The α-elements provide information on the relative contributions of SNe type II and Ia in the enrichment of the Table 6 . FeI lines used in the present work in common with Barbuy et al. (1999) . interstellar medium prior to the formation of cluster stars. Type II Supernovae are the main sources of α-elements (Woosley & Weaver 1995) , the yields depending upon the mass of the progenitor. Fig. 8 α-element abundances from the present work (Table 4) , Meléndez et al. (2003) , and Cohen et al. (1999) are shown as a function of Atomic Number Z. While in Cohen et al. (1999) , O, Mg, Si, Ca, and Ti are enhanced, in the present work Ca and Ti are solar, whereas Si and Mg are enhanced. The high oxygen abundance in Cohen et al. (1999) , relative to the value found by Meléndez et al. (2003) , may be due to the use of the OI 771-7 nm triplet that systematically gives higher abundances (Kiselman 1995) . Besides, there is an offset in the solar oxygen abundance adopted (Table 6) 
Odd-Z elements Na, Al
Sodium and aluminum are odd-Z elements produced by neutron capture in the Ne-Na and Mg-Al cycles during carbon burning. A mean value of [Na/Fe] = +0.16 ± 0.23 dex and [Al/Fe] = +0.18 ± 0.06 dex are found. No corrections for non-LTE effects were applied. The red giant II-85 of our sample is enhanced in Na by [Na/Fe]=+0.34 dex, while the other stars show solar ratios. This result is compatible with a mixing occurring along the RGB (Gratton et al. 2004) , and to check this, it would be interesting to derive nitrogen abundances for our sample stars. Na is compatible with results by McWilliam & Rich 1994, hereafter MR94) ; on the other hand, it is overabundant in NGC 6528 (Zoccali et al. 2004) . A moderate enhancement of Aluminum of [Al/Fe]=+0.18 is found.
Heavy elements Zr, Ba, La, Eu
The s-process elements Zr, Ba, and La are produced through neutron-capture in asymptotic giant branch stars (Käppeler 1989; Busso et al. 1999 Table 5 of Cohen et al. (1999) (filled squares).
The r-element europium abundance is [Eu/Fe] = +0.10 ± 0.02 dex. This moderate overabundance of Eu-to-Fe is compatible with those of the α-elements, these elements being all produced by SNe II.
Conclusions
A detailed analysis based on high-resolution spectra for four giants of the metal-rich bulge globular cluster NGC 6553 was carried out. The present spectra are the highest resolution data so far for stars in this cluster. We find a mean metallicity value of [Fe/H]=−0.20, in agreement with Cohen et al. (1999) and Meléndez et al. (2003) . (Edvardsson et al. 1993 ). The r-process element Eu shows a small enhancement of [Eu/Fe] =+0.10 dex, as do the α−elements Ca and Ti. NGC 6553 appears to be very similar in its element abundance ratios to NGC 6528 analysed in Zoccali et al. (2004) . The two clusters are very similar in age and metallicity, as pointed out in Ortolani et al. (1995) .
Whether the metal-rich bulge clusters were formed during an early collapse or in merging events, as expected in hierarchical scenarios, can be revealed by abundance ratios. An early formation is accompanied by α-enhancement. However in merging events, no detailed models are available: it is even possible that merging truncates star formation (Di Matteo et al. 2005) . If instead bulge formation occurred via secular evolution of a bar (Kormendy & Kennicutt 2004) , solar abundance ratios would be expected, but this is not the case for NGC 6553. At the present time, it is important to gather metallicities and abundance ratios for other metal-rich clusters in the Galactic bulge, since their age spread and chemical abundances can constrain different models of bulge formation (Bekki 2005; Beasley et al. 2002; van den Bergh 1993) . 
